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METHOD FOR THE RAPID DAGNOSIS OF 
INFECTIOUS DISEASE BY DETECTION AND 

QUANTITATION OF MICROORGANISM INDUCED 
CYTOKINES 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation in Part of U.S. 
application No. 10/809,877 filed Mar. 26, 2004 that claims 
priority to Provisional application No. 60/457,940 filed Mar. 
28, 2003. 

FIELD OF THE INVENTION 

0002 The inventive subject matter relates to a competi 
tive fluorescence method for diagnosing infectious disease, 
including tuberculosis, by quantitating interferon-gamma 
and other cytokine concentration from Stimulated immune 
cells collected from whole blood. The method contemplates 
the use of FLT, FRET or FP. 

BACKGROUND OF INVENTION 

0003) Infectious diseases caused by pathogenic bacteria 
and viruses, is a Serious health concern cause in the United 
States and other developed nations. Infectious disease mor 
bidity and mortality is especially important in developing 
nations with poor health care resources. 
0004 One of the most important infectious diseases is 
tuberculosis. Tuberculosis remains one of the world’s dead 
liest of diseases. The World Health Organization estimates 
that each year more than 8 million new cases occur and 
approximately 3 million persons die from the disease (1). 
While the majority of M. tuberculosis infections are kept in 
check by the host's immune defenses and remain latent, 
Some latent infections progreSS to active and contagious 
disease. The number of persons with latent TB infection 
(LTBI) in the United States is estimated to range from 10 
million to 15 million, and many cases of active tuberculosis 
arise from this pool of infected persons (2). 
0005. Until recently, skin testing with purified protein 
derivative (PPD) of tuberculin was the only practical way of 
detecting latent M tuberculosis infections. In the United 
States, the tuberculin skin test (TST) is used as an initial 
Screening test for both latent infection and active tubercu 
losis (3). A positive TST is indicative of an increased risk of 
Subsequently developing, or currently having, active tuber 
culosis (4). However, despite its widespread use and a large 
body of data on its standardization, the TST is subject to 
significant variations and limitations. False-positive TST 
responses may result from contact with non-tuberculosis 
Mycobacterium (NTM) that share common antigens with M 
tuberculosis, or may result from prior BCG vaccinations 
(5-8). Errors in placement and reading of the TST can also 
give false-positive results. A multitude of conditions may 
blunt the response to tuberculin, most notably HIV-associ 
ated immunosuppression; the largest cause of erroneous TST 
results lies with the Subjective nature of placement and 
reading of the test (1,9). Digit-preference (for example, 
rounding measures of TST in duration to the nearest multiple 
of 5 mm) and interpretation bias significantly affect TST 
results (10). 
0006 Identifying persons with LTBI is crucial to the goal 
of tuberculosis elimination, because the development of 
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active tuberculosis in these perSons can effectively be pre 
vented with treatment, thereby Stopping further spread of 
disease (11). The Institute of Medicine, in a report published 
in 2000, gave high priority to the development of tools with 
which to identify persons with LTBI and those at greatest 
risk of developing active tuberculosis (12). 
0007 Cytokines play an important role in the regulation 
of T cells. Some cytokines, Such as tumor necrosis factor 
(TNF) or Interferon gamma (IFN-Y) lead to cell mediated 
immune responses against infectious agents. Other cytok 
ines (e.g. Interleukins 2, 4, 12) are critical in the develop 
ment of humoral immune responses (13). 
0008 Interferon gamma (IFN-Y), is a 21 to 24-kDa gly 
coprotein Synthesized by activated T cells and natural killer 
cells, forming a homodimer once Secreted (14-16) and 
possesses antiproliferative and antiviral activity. IFN-Y is 
also a potent activator of mononuclear phagocytes, increas 
ing their ability to destroy intracellular microorganisms and 
tumor cells and causes the induction of major histocompat 
ibility proteins. As a result of these properties, IFN-Y is an 
important cytokine in the immune response to bacterial 
infection, Such as Mycobacterium tuberculosis. 
0009 Recently, commercially available methods exist for 
the detection of M. tuberculosis infection. A commercial 
assay, QuantiFERONGR-TB, (QFT) (17) offers a method to 
detect latent disease, requiring only a Single patient, based 
on quantification of IFN-Y in blood samples. The QFT is an 
in vitro whole blood gamma interferon (IFN-Y) release 
assay, and is capable of assessing the response to multiple 
antigens Simultaneously, and does not boost anamnestic 
immune responses, such as in TST. Interpretation of the QFT 
is less Subjective than that of the TST and the QFT appears 
less affected than TST by prior BCG vaccination. A Food 
and Drug Administration (FDA) panel recently approved the 
OFT “as an aid for the detection of M. tuberculosis infec 
tion' based primarily on results from an evaluation by 
Centers for Disease Control and Prevention (CDC) (18). For 
the QFT, the amount of IFN-Y released is determined by an 
enzyme linked immunosorbent assay (ELISA). The 
ELISPOT is a similar in vitro test that quantifies the number 
of lymphocytes that produce IFN-Y instead of measuring the 
total amount of IFN-Y released in response to tuberculosis 
antigens. 

0010 AS previously mentioned, in the QFT the concen 
tration of IFN-Y is determined by an ELISA (17). A limita 
tion of ELISA, however, is that it suffers intrinsically from 
much higher non-specific binding being a heterogeneous 
(Surface binding) assay rather than homogeneous (direct 
ligand-receptor binding in aqueous Solution) fluorescence 
polarization (FP) type assay. Furthermore, ELISA requires 
numerous wash StepS and lengthy incubation Steps, often 
requiring 3 to 4 hours to complete the assay. The ELISA 
method is also dependent on clear optical path. Cloudy 
Solutions are often not amenable to ELISA conducted in 
liquid phase or with particulate matter. 

0011 Results of animal and human studies of the QFT 
conducted worldwide have been encouraging (19-21). 
Because there is no “gold standard” for confirming LTBI in 
humans (2, 1), we compared results of QFT to TST in the 
initial CDC multi-center study of QFT (21), and then used 
multivariate analysis to identify Subject-related and test 
related factors associated with discordance between the 
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tests. Overall agreement between QFT and TST was 83% 
when the tests were performed simultaneously using PPD 
from M. tuberculosis in both tests (21). Agreement between 
the tests improved to 88% when analysis was restricted to 
people being screened for LTBI who had no history of BCG 
vaccination. Agreement improved further, to 91%, when 
people with evidence of NTM infection were excluded. 
Three major factors were associated with test discordance: 
prior BCG vaccination, evidence of immunity to NTM, and 
digit-preference in reading the TST at some study sites. BCG 
vaccinated individuals were 6 times more likely to have a 
positive TST but a negative QFT than unvaccinated indi 
viduals. Individuals with evidence of immunity to NTM by 
QFT were 3 times more likely to have a positive TST but 
negative QFT than individuals without such immunity. Dis 
cordance at Some Sites was 4 times that at others, and Sites 
with the greatest discordance had the greatest digit-prefer 
ence for 10 and 15 mm TST readings. 
0012 Pottumarthy et al. found a similar level of agree 
ment between the two tests in a study involving New 
Zealand health care workers and immigrants (20) whereas 
Streeton et al. reported a Somewhat better concordance 
(98%) for persons with no known exposure and a negative 
TST, and 90% for untreated TST reactors (21). The level of 
agreement found between the QFT and TST in the CDC 
study is similar to the level of agreement found when TSTS 
using two different commercial PPD preparations (Tubersol 
and Aplisol) were administered simultaneously (22, 23). 
0013 In the past, differentiation of immunity to M. 
tuberculosis from immunity to NTM required placement of 
two skin tests, one using PPD from M. tuberculosis, the 
other using PPD from the NTM of interest (3,24). The larger 
reaction indicated the infecting organism while the Smaller 
reaction was considered Secondary to croSS reactivity to 
conserved antigens. The QFT assay allows differentiation by 
determining which antigens, those from M tuberculosis or 
those from NTM, induce greater IFN-Y production. Theo 
retically this does not eliminate the problem of differentiat 
ing LTBI from prior BCG vaccination. However, genetic 
Studies have identified M. tuberculosis antigens that are not 
shared with other mycobacteria, and thus may be more 
specific for immunity to M. tuberculosis than PPD. ESAT-6 
is a protein found in PPD from M. tuberculosis but not BCG 
or other common NTM. Immune responses to ESAT-6 are 
detected in 60 to 80% of tuberculosis patients (17). Lalvani, 
et al studied 50 people with recent TB exposure and found 
that response to ESAT-6 (measured by ELISPOT) was more 
closely associated with recent TB exposure than TST (25). 
Preliminary studies indicate that inclusion of recombinant 
M. tuberculosis-specific antigens, Such as ESAT-6, in the 
QFT assay improves specificity. Of ten recombinant anti 
gens screened during the initial CDC QFT study, ESAT-6 
showed the greatest promise (21). Additional recombinant 
antigens have been identified as potential diagnostic 
reagents in preliminary Studies (26, 27) and are available in 
adequate amounts for evaluation in this study. Like ESAT-6, 
these antigens are produced by clinical Strains of M. tuber 
culosis but not by BCG. 
0.014) A new version of QFT has been developed which 
involves collection of 1 mL of blood into vacutainer tubes, 
which already contain the TB-specific antigens. This version 
of the test has been termed QuantiFERONGR-TB-3G (QFT. 
3G). The blood tubes are simply filled by Venipuncture, 
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mixed and incubated upright at 37 C. overnight. The next 
day, the plasma is tested for IFN-Y by ELISA. The ELISA 
procedure used for the QFT-3G test is the same as the assay 
used for other TB-specific antigens. The QFT-3G test format 
practically removes the 12 hour logistic problem of the 
original QFT test, involves far less labor (and thus will be 
cheaper to perform), requires less blood, is easily automated, 
and has proven to be more Sensitive in initial, Small-scale, 
clinical Studies. 

0.015 Previous studies of the QFT and tuberculosis have 
been limited because children have not been included as 
study subjects and the association between QFT and the risk 
of tuberculosis has not been examined. While there is no 
evidence to suggest that QFT will perform differently in 
children as compared to adults, this question has not been 
addressed. Studies to assess the association between OFT 
results and risk of tuberculosis may be prohibitively large 
and lengthy. This is because few people (about 15%) have 
discordant TST and QFT results, only 10% of people with 
LTBI progreSS to active tuberculosis, and infected people at 
increased risk of tuberculosis activation are treated for LTBI. 
However, if QFT is shown to be more closely associated 
with recent exposure than TST, it may predict more accu 
rately who will benefit from treatment for LTBI because 
people with recent infection have the greatest risk of devel 
oping tuberculosis (4). 
0016. Therefore, because of the pivotal role played by 
IFN-Y in the response to M. tuberculosis infection, the 
measurement of IFN-Y release can be used as an alternative 
to tuberculin skin testing (TST) in detecting these infections 
(28, 29). However, because of the time and expense in 
quantifying cytokines from blood Samples, using currently 
available methods, development of improved cytokine 
detection and quantification assays are needed, over ELISA 
and other available methods. 

0017 Fluorescent polarization (FP) technology is 
capable of rapid, real-time, Sensitive evaluation of fluid 
phase antigens with high specificity (30, 31). The basis for 
FP assays was initially described by Perrin (32), and Dan 
liker (33), and patented by Abbott Laboratories (34). FP 
based assays are predicated on the principle that polarized 
incident visible or ultraviolet light that illuminates a fluo 
rochrome causes Subsequent polarized fluorescence with 
emission at a longer wavelength. However, molecules in 
Solution are capable of rotation. Therefore, polarized light 
Striking a fluorescent molecule loses polarization due to 
rotation of the molecule. Solutions containing slower turn 
ing, large molecule-fluorochrome complexes tends to Stay 
polarized longer verses situations where Smaller labeled 
molecules are present. In order to accommodate molecules 
of different sizes (up to 10 kDa molecular weight), different 
fluorochromes can be selected (35). 
0018 Combining fluorochrome-labeled antigen or pep 
tide with antibody results in an increase in FP, as measured 
in arbitrary millipolarization (mP) units. The smaller the 
fluorescent antigen, the greater the increase in mP units that 
is measured upon binding to its corresponding antibody, 
Since mP depends upon the partial specific volume (approxi 
mate molecular weight in Solution) of the labeled Substance. 
The dependence is non-linear but is describable in a Perrin 
equation (36). 
0019 FP antigen-antibody binding assays are theoreti 
cally simple to perform, requiring only the mixing liquid test 
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Samples with fluorescent reagent. In a rapid diagnostic 
format, essentially two FP readings are necessary; a base 
line reading and a reading after a specified time. The FP 
value increases as binding of flurorescently labeled ligand 
occurs. For example, the difference in FP between a fluo 
rescent antigen of 10 kDa initially and the fluorescent 
complex consisting of it and IgG, for example, results in a 
measurable association using less than Saturating antibody 
concentrations (37). 
0020. A distinct advantage of FP technology is that FP 
assays can be designed to be much more rapid than the 3 to 
4 hours required in a typical ELISA with the FP assay 
requiring little if any wash Steps. FP technology is also 
immune to cloudiness, particles, blood cells (inner filter 
effects) and does not require a clear optical path. Therefore, 
FP detection technology, unlike ELISA, can accommodate 
cloudy Solutions, Such as blood Samples, with minimal 
clarifying preparatory steps (38). FP assays can also be 
designed to accommodate significant variation in pH in fluid 
Samples by utilizing different pH-independent fluoro 
chromes (38, 39). 
0021 Currently, FP assays are in used to measure differ 
ent types of binding reactions, to follow proteolytic reac 
tions and to measure various enzymatic or receptor binding 
reactions (40, 41). In clinical Settings, FP assays are used to 
measure the level of drugs, hormones or antibiotics in blood 
plasma (42). ELISA, RIA and immunoprecipitation assays 
for the measurement of antibody to infectious agents in 
Serum are the most accepted methods for detection prior 
infection of viral or bacterial (37, 43, 44). Because of its 
advantages over other detection methods, FP is well-suited 
as a diagnostic tool for analyzing formerly difficult to 
evaluate Samples Such as oral fluids and Saliva, in addition 
to Serum, for the quantitative assessment of Specific anti 
body, diagnostic markers, drugs, chemicals and infectious or 
biohazardous agents. 

SUMMARY OF THE INVENTION 

0022. Current methods for the diagnosis of latent Myco 
bacteria tuberculosis, and other infectious diseases, are 
inadequate. TST, the method used over the last several 
decades, Suffers from being an in Vivo test requiring multiple 
patient Visits to administer and then read the results. The 
TST assay also causes a boost phenomenon causing false 
positive results upon Subsequent tests. Newer, commercially 
available methods, employ in vitro procedures to measure 
interferon-gamma responses by the patients blood cells and 
require only Single laboratory Visits without any boost 
phenomenon. However, these methods suffer from the 
requirement for laborious and time consuming laboratory 
analysis procedures, Such as ELISA, for the final quantita 
tion of cytokine levels. Therefore, a laboratory cytokine 
quantitation method that is rapid, easy to conduct and 
Sensitive is important for accurate, routine diagnosis of 
latent Mycobacterium infection. Therefore, this invention 
relates to the detection and quantitation of cytokines in 
blood Samples collected from patients Suspected of being 
previously exposed and infected with infectious viral and 
bacterial agents, Such as M. tuberculosis. 
0023. An object of the invention is the detection and 
quantitation of interferon-gamma and other cytokines, by 
fluorescent polarization (FP), fluorescence lifetime (FLT) 
analysis or fluorescence resonance energy transfer (FRET). 
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0024. A further object, is the quantitation of interferon 
gamma and other cytokines, by FP, FLT or FRET where 
interferon-gamma has been induced by in vitro Stimulation 
of T cells by Specific antigen. 
0025. A still further object of the invention is the detec 
tion and quantitation of interferon-gamma by measuring the 
competitive binding by interferon-specific antibody by FP, 
FLT or FRET. 

0026. Another object of the invention is the detection and 
quantitation of interferon-gamma or other cytokine by mea 
Suring the competitive dimerization of interferon-gamma or 
cytokine by FP, FLT or FRET. 
0027 Still another object of the invention is the detection 
and quantitation of interferon-gamma or other cytokine by 
measuring the binding of interferon-gamma or other cytok 
ine, by FP, FLT or FRET, to antigen presenting cells from 
immune patients. 
0028. These and other objects of the invention are accom 
plished by employing FP, FLT or FRET in a competitive 
asSay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1. Diagram showing expected change in 
polarization at various concentrations of competitive cytok 
ine. For complete description, See prophetic example 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0030 Fluorescent polarization holds great promise as an 
assay method for frequent, routine, cost-effective means of 
obtaining quantitation of cytokines and detection of immune 
cells isolated from blood from potentially infected patients. 
Fluorescent molecules emit polarized fluorescence when 
they absorb polarized light at a specific wavelength. How 
ever, inherent in molecules in Solution is their tendency to 
rotate. When polarized light Strikes the molecules in Solu 
tion, the emitted light does not remain polarized because the 
molecule is rotating rapidly in Solution. The rate of rotation, 
however, is dependent on the Size of the molecule. There 
fore, an antigen/antibody complex will have an inherently 
slower rate of rotation causing more of the polarized fluo 
rescence to be emitted in the same plane as the incident light. 
The polarization-based readouts are leSS Susceptible to envi 
ronmental interferences, Such as pH, cloudiness, and par 
ticles in the assay compartment than other light-based 
assays. FP is fundamentally and theoretically different from 
most color based photometric techniques and gains its 
analytical advantage by this intrinsic property of being 
independent of concentration. The current application uti 
lizes FP technology in a competitive assay to quantitate 
infection induced cytokines or immune cells in patient blood 
Samples for the diagnosis of infectious diseaseS Such as 
tuberculosis. 

0031. It is known that interferon-gamma (IFN-Y) plays an 
important role in the immune response to Mycobacterium 
tuberculosis, as well as other bacterial infectious organisms. 
Therefore, detection of induction IFN-Y in serum or plasma 
produced by immune cells from infected patients would be 
an important diagnostic tool. Detection can be obtained by 
either direct measure of interferon-gamma using specific 
antibody in a competitive fluorescent polarization immu 
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noassay (CFIPA) or by detection of homodimerization of 
interferon-gamma by dimerization induced fluorescence 
polarization (DIFP). In either case, detection and quantita 
tion will be down to less than 11 pg/ml. 
0032) Prophetic Example 1 

Competitive FP assay for measuring 
interferon-gamma in Serum or plasma by 

competitive assay using interferon-gamma Specific 
antibody 

0033. In the current application we disclose a competitive 
fluorescence polarization immunoassay (CFPIA) that can 
measure IFN-Y concentrations in a fraction of the time 
required for ELISA. To measure IFN-Y concentrations, the 
assay will be conducted as illustrated, generally, in FIG. 1. 
Reagents include: 1) the use of fluorescently labeled IFN-y 
which can be made from commercially available reagents, 
and 2) the use of a monoclonal IFN-Y specific antibody. The 
labeled IFN-Y will produce polarized fluorescence if appro 
priately aligned when excited by polarized light (of the 
appropriate wavelength). However, only a Small portion of 
the fluorescence will be captured by the polarization detector 
because IFN-Y is a Small molecule that changes its orienta 
tion rapidly and becomes depolarized. Encumbering the 
IFN-Y, for example by attaching an antibody, will increase 
the amount of fluorescence detected. The Subsequent addi 
tion of unlabeled IFN-Y will decrease the amount of polar 
ized fluorescence detected proportionate to the amount of 
unlabeled IFN-y added. The assay is conducted by the 
following Steps: 

0034) a. Collecting whole blood samples (with anti 
clotting agent, e.g. heparin) from patients Suspected 
of Viral, protozoa or bacterial infection, Such as M. 
tuberculosis and containing potential immune (i.e. 
primed) T cells; 

0035) b. Adding viral, protozoa or bacterial antigen 
(such as M. tuberculosis antigen) to whole blood 
Sample, 

0036 c. Incubate the whole blood/antigen culture 
mixture as long as overnight (The immune (i.e. 
primed) cells are induced to produce cytokine by 
their recognition of specific antigen in Step (b)); 

0037 d. Collect serum or plasma fractions and pre 
pare dilutions. Include in the Sample preparation a 
Standard curve of Serum with known concentrations 
of cytokine (interferon-gamma) or specific frag 
ments of interferon-gamma; 

0038 e. Add to the serum or plasma dilutions inter 
feron-gamma fluorescently labeled probe at about 1 
nM; 

0039) f. Add antibody (polyclonal or monoclonal) 
Specific to interferon-gamma to each of the dilutions 
at appropriate antibody dilution; 

0040 g. Measure the change in fluorescence polar 
ization of the Serum dilutions, 

0041 h. Graphically compare the concentration of 
test Sample dilutions to Standard curve to determine 
concentration of cytokine (interferon-gamma). 
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0042. The assay mixture would require 0.01 ml plasma 
(20 pg/ml IFN-Y, or about 2 pM) up to 0.1 ml plasma. The 
intrinsic blood plasma or Serum fluorescence can be Sup 
pressed by the addition of fluorescent quenchers, if neces 
Sary. 

Prophetic Example 2 

Competitive FP assay for measuring IFN-Y in 
Serum or plasma by competitive assay measuring 

change in fluorescence polarization due to 
homodimerization 

0043. IFN-Y is a 21 to 24 kDa protein, synthesized by T 
cells and natural killer cells, that quickly tends to form 
homodimers in Solution. The concentration of interferon 
gamma can be detected, therefore, by the concentration of 
interferon-gamma can be detected by the change in fluores 
cence polarization induced by dimerization (DIFP). The 
assay is conducted by the following Steps: 

0044) a. Collecting whole blood samples from 
patients Suspected of viral, protozoa or bacterial 
infection, Such as M. tuberculosis and containing 
potential immune T cells, 

0045 b. Adding viral, protozoa or bacterial antigen 
(such as M. tuberculosis antigen) to whole blood 
Sample, 

0046) c. Incubate the whole blood/antigen culture 
mixture as long as overnight; 

0047 d. Collect serum or plasma fractions and pre 
pare dilutions. Include in the Sample preparation a 
Standard curve of Serum with known concentrations 
IFN-y; 

0048 e. Add to the serum or plasma dilutions IFN-y 
fluorescently labeled probe at about 1 nM. Alterna 
tively, peptide fragments, that are fluorescently 
labeled can be used as a probe; 

0049 f. Measure the change in fluorescence polar 
ization of the Serum dilutions due to dimerization; 

0050 g. Graphically compare the concentration of 
test Sample dilutions to Standard curve to determine 
concentration of cytokine (IFN-Y). 

0051 A further aspect of the invention is the detection 
and quantitation by fluorescence polarization, fluorescence 
life-time (FLT) and fluorescence resonance energy transfer 
(FRET). If FLT is used, then detection is dependent on a 
change in fluorescence life-time. If FRET is used, then 
detection is by Sensitized fluorescence of the acceptor or by 
quenching of donor fluorescence or by fluorescence depo 
larization. 

0052 A still further aspect of the invention is that dif 
ferent fluorochromes, added to the cytokine (e.g. interferon 
gamma or specific M. tuberculosis probes), can be utilized 
in order to optimize results, including the incorporation of 
pH-independent fluorochromes. The fluorochromes that are 
included as an aspect of the invention include: 7-AAD, 
Acridine Orange, Alexa 488, Alexa 532, Alexa 546, Alexa 
568, Alexa 594, Aminonapthalene, Benzoxadiazole, 
BODIPY 493/504, BODIPY 505/515, BODIPY 576/589, 
BODIPY FL, BODIPYTMR, BODIPYTR, Carboxytetram 
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ethylrhodamine, Cascade Blue, a Coumarin, Cy2, CY3, 
CY5, CY9, Dansyl Chloride, DAPI, Eosin, Erythrosin, 
Ethidium Homodimer II, Ethidium Bromide, Fluorescam 
ine, Fluorescein, FTC, GFP (yellow shifted mutants T203Y, 
T203F, S65G/S72A), Hoechst 33242, Hoechst 33258, 
IAEDANS, an Indopyras Dye, a Lanthanide Chelate, a 
Lanthanide Cryptate, Lissamine Rhodamine, Lucifer Yel 
low, Maleimide, MANT, MOAE, NBD, Oregon Green 488, 
Oregon Green 514, Oregon Green 500, Phycoerythrin, a 
Porphyrin, Propidium Iodide, Pyrene, Pyrene Butyrate, 
Pyrene Maleimide, Pyridyloxazole, Rhodamine 123, 
Rhodamine 6G, Rhodamine Green, SPO, Texas Red, TM, 
TOTO-1, TRITC, YOYO-1, vitamin B12, flavin-adenine 
dinucleotide, and nicotinamide-adenine dinucleotide. 
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0097 Having described the invention, one of skill in the 
art will appreciate in the appended claims that many modi 
fications and variations of the present invention are possible 
in light of the above teachings. It is therefore, to be under 
stood that, within the Scope of the appended claims, the 
invention may be practiced otherwise than as Specifically 
described. 

What is claimed is: 
1. A competitive method for determining infection 

wherein determination is by detecting the antigen-specific 
cytokine induction, in vitro, comprising the Steps: 

a. collecting a whole blood Sample, 
b. adding a target agent antigen to Said whole blood 

Sample to make an antigen whole blood mixture 
wherein Said target agent is viral, bacteria or protozoa, 

c. incubating Said whole blood mixture for up to 12 hours, 
d. collecting Serum or plasma of Said whole blood mix 

ture, 

e. preparing dilutions of Said Serum or plasma; 
f. adding to Said dilutions fluorescently-labeled cytokine 

probe at about 1 nM; 
g. adding to Said dilutions cytokine Specific antibody; 
h. measuring the antibody binding wherein Said antibody 

binding is correlated with cytokine concentration. 
2. The competitive method as in claim 1 wherein the 

method comprises following additional Steps: 
i. adding Said fluorescently-labeled cytokine probe at 

about 1 nM to dilutions of negative control serum or to 
dilutions of positive control Serum or plasma contain 
ing cytokine; 

j. adding Said cytokine Specific antibody to dilutions of 
Said positive and negative control Serum containing 
fluroescently-labeled cytokine probe; 

k. measuring the antibody binding in the controls by 
measuring the change in fluorescence polarization in 
Said positive and negative control dilutions. 

1. representing the concentration of the cytokine in Said 
dilutions of positive or negative control Serum or 
plasma, graphically, to obtain a Standard curve, 

k. comparing the change in fluorescence polarization 
measured from Said Serum or plasma with Said Standard 
curve to determine the concentration of cytokine. 

3. The competitive method as in claim 1 wherein said 
target agent is Mycobacterium tuberculosis. 

4. The competitive method of claim 1, wherein said 
measuring of Said antibody binding is by a method Selected 
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from the group consisting of flurorescence polarization, 
fluorescence lifetime and fluorescence resonance energy 
transfer. 

5. The competitive method as in claim 3, wherein said 
cytokine is interferon-gamma and Said fluorescently-labeled 
cytokine probe is fluorescently labeled interferon-gamma 
probe. 

6. The competitive method as in claim 1, wherein Said 
cytokine Specific antibody is monoclonal or polyclonal. 

7. The competitive method as in claim 1, wherein said 
cytokine probe is a fluorescently-labeled peptide fragment 
from the cytokine. 

8. The competitive method as in claim 5, wherein said 
interferon-gamma probe is a fluorescent fragment of inter 
feron-gamma. 

9. The competitive method as in claim 7, wherein said 
method can detect cytokine at a concentration of 11 pg/ml or 
leSS. 

10. A competitive method for determining infection 
wherein determination is by detecting the dimerization of 
the antigen-specifically induced cytokine, in vitro, compris 
ing the Steps: 

a. collecting a whole blood Sample; 
b. adding a target agent antigen to Said whole blood 

Sample to make a antigen whole blood mixture wherein 
Said target agent is viral, bacterial or protozoa, 

c. incubating Said whole blood mixture for up to 12 hours, 
d. collecting Serum or plasma of Said whole blood mix 

ture, 

e. preparing dilutions of Said Serum or plasma, 
f. adding to Said dilutions fluorescently-labeled cytokine 

probe at about 1 nM; 
g. measuring dimerization of the cytokine in Said dilutions 

wherein Said dimerization is correlated with cytokine 
concentration. 
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11. The competitive method of claim 10, wherein said 
measurement of dimerization is by a method Selected from 
the group consisting of fluorescence polarization, fluores 
cence lifetime and fluorescence resonance energy transfer. 

12. A competitive method as in claim 10 wherein the 
method comprises following additional Steps: 

h. adding Said fluorescently-labeled cytokine probe at 
about 1 nM to dilutions of negative control serum or to 
dilutions of positive control Serum or plasma contain 
ing cytokine; 

i. measuring the dimerization of cytokine in Said dilutions 
of positive or negative control Serum; 

j. representing the concentration of the cytokine in Said 
dilutions of positive or negative control Serum or 
plasma, graphically, to obtain a Standard curve, 

k. comparing the change in fluorescence polarization 
measured from Said Serum or plasma with Said Standard 
curve to determine the concentration of cytokine. 

13. A competitive method as in claim 12 wherein said 
measurement of dimerization is by a method Selected from 
the group consisting of fluorescence polarization, fluores 
cence lifetime and fluorescence resonance energy transfer 

14. A competitive method as in claim 10 wherein said 
target agent is Mycobacterium tuberculosis. 

15. A competitive method as in claim 10, wherein said 
cytokine is interferon-gamma and Said fluorescently-labeled 
cytokine probe is fluorescently labeled interferon-gamma 
probe. 

16. A competitive method as in claim 10 wherein said 
cytokine probe is a fluorescent fragment of a cytokine. 

17. A competitive method as in claim 14 wherein said 
interferon-gamma probe is a fluorescent peptide fragment of 
interferon-gamma. 

18. A competitive method as in claim 13, wherein said 
method can detect cytokine concentration at 11 pg/ml or 
leSS. 


